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RESULTS OF TRANSONIC WIND TUNNEL TESTS 
ON AN 0.015-SCALE SPACE SHUTTLE MATED VEHICLE 
MODEL (67-OTS) IN THE LaRC 8-FOOT TPT (IA41) 

By R. Hardin and R. Burrows, Rockwell International Space Division 

ABSTRACT 



This report contains the results of wind tunnel tests of the NASA/ 
Rockwell 0.015-scale Configuration 4 Mated Space Shuttle Vehicle. 

The tests were conducted to obtain aerodynamic force data for Mach 
numbers from 0.60 to 1.20. Data were obtained for an alpha range of -10® 
to +10® (b = 0® b = 5®) and beta range of -10® to +10® (a = 0®). 

A complete model build-up was performed. Longitudinal and lateral- 
directional stability and control data were obtained for tank alone, tank 
plus SRB's, tank plus Orbiter, and mated configuration of tank + Orbiter 
+ SRB’s. 

Single-component rudder hinge mcuient data were obtained at rudder de- 
flections of 0® and -20® for each Mach number tested. 

Plots of aerodynamic coefficients vs. Mach number are presented, using 
data from both test IA41 and tests LRC-UPWT-1056, 1073 (IA42A'B) for Mach 
numbers of 1.60 to 4.63. The model tested in IA42A'B was the same model 
as tested in IA41. 
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Schedule of 

Coefficients Plotted Pages 


A 1 

B 21 

C 24 

D 44 

A 46 

B 66 

C 69 

D 89 

A 91 

B 111 

C 114 

D 134 

A 136 

E 156 

C 157 

F 177 


Schedule of Coefficle “ Plotted: 


A) CAFT, CABT, CN, CLM vs ALPHA; CN vs CLM 

B) DCN/OA, DCLMDA, XAC/L, CAFAFO, CABAFO, CNALFO. CLMAFO vs Mach 

C) CY, CYN, CBL vs BETA; CY vs CYN 

D) DCY/DB, DCYNDB, DCBLDB, DCYNDB, DCY/DB, YAC/L vs Mach 

E) CAFORO, CN/DRO, CLMDRO, CYDRO, CYNDRO, CBLDRO vs Mach 

CY/DRO, CYNDRO. CBLDRO vs Hach 


NCMENCLAHiRE 

General 


SWBOI. 

SADGAC 

SYMBOL 

DEPIHITION 

r\ 


Gpood of Gound; m/Boc, 

Cp 

CP 

prersuro ooeffiolont; • p«j)/q 

M 

MACH 

Mach number; V/a 

P 


pressure; N/m‘^ psf 

q 

Q(HSM) 

Q(PSP) 

dynamic pressure; N/m*“\ psf 

rn/l 

rn/l 

unit Reynolds number; per m, per ft 

V 


velocity; m/sec, ft/sec 

a 

ALPHA 

angle of attack, degrees 


BETA 

angle of sideslip, degrees 


PSI 

angle of yaw, degrees 

4 > 

PHI 

angle of roll, degrees 

P 


mass dencity; kg/m^, slugs /ft^ 



Reference & C.G. Definitions 

Ab . 


base arcn; m^', ft*" 

b 

BREF 

wing span or reference span; m, ft 

c.g. 


center of gravity 

4iep 

C 

LREP 

reference length or wing mean 
aerodynamic chord; m, ft 

^'rep 

SREP 

wing area or referenct? area; ft*" 


MRP 

moment reference point 


XMRP 

moment reference point on X axis 


YMRP 

moment reference point on Y axis 


ZMRP 

moment reference point on Z axis 

SUBSCRIPTS 



b 

1 

G 

t 

00 


bane 

local 

static conditions 
total conditions 
fret' stream 


NOMHiCUTURE (Continued) 
Body-Axis System 


SniBOL 

SADSAC 

STMBOL 

DEFINITION 

% 

CN 

„ormel-tor~ ccfflolont, 

Ca 

CA 

axial-force coefficient, BxiBliotce 

q& 

Or 

cr 

side-force coefficient; 

qS 

CAb 

CAB 

base-force coefficient; 

q® 



-Ab(Pb - p®)/qs 

CAf 

CAP 

forebody axial force coefficient, C, - 


CIM 

pitching-moment coefficient; E qSiREF 

Cn 

CTN 

ya,lng-«o«.t ooetfloientj 

H 

CBL 

rolling-moment coefficient, 



Stability-Axis System 

Ol 

CL 

lift coefficient; 

CD 

CD 

drag coefficient; 

qS 

"Db 

CDB 

base-drag coefficient; 

ODf 

Or 

CDF 

forebody drag coefficient; Cp - 

cr 

side-force coefficient; 

Qn 

CIM 

pitching-moment coefficient; E 

^ qSlBEP 

Cn 

cut 

yawing-moment coefficient; 'LJ . — 

H 

CSL 

rolling-moment coefficient; — 

1^0 

l/d 

llft-to-drag ratio; Cj/Cp 


NOMENCLATURE (Continued) 
Additions to Standard List 


I 


4 -. 


Symbol 

\cps 


SADSAC 

Symbol 


'ET 


'OMS 


"ORB 


"SRB 


"SRBN 


'ET 


'ORB 


'^AL 


’ACPS 


"ET 




OMS 


"ORB 


Definition 

attitude control propulsion system base area, ft 
(total for two) 

2 

external tank total base area, ft 


orbital maneuyering system base area (total for two), 

2 

total Orbiter base area, ft 


SRB shroud base area (minus projected nozzle base 
area), ft^ (total for two) 

SRB nozzle base area ft^ (total for two) 


external tank cavity area, ft 


Orbiter cayity area, ft 

balance chord force coefficient (uncorrected) 

attitude control maneuvering system base chord 
force coefficient 

external tank base chord force coefficient (based on 

Au ) 

°ET 

Orbital maneuvering system base chord force coeffic- 
ient 

Orbiter base chord force coefficient (based on 

^b ^ 

°0RB 


O. 


:i 




..OLIftBH! ! 


!W ! 4JW 






T 


SADSAC 
Symbol Symbol 




NOMENCLATURE (Continued) 

Additions to Standard List 

Definition 

SRB shroud base chord force coefficient 


SRB nozzle base chord force coefficient 


external tank base chord force coefficient (base 
on A ) 

^ET 



Orbiter base chord force coefficient (based on 
A- and Orbiter base pressure 
%B 




'orb 


C. CAFT 

^Abt 


external tank cavity chord force coefficient 
(corrected to base pressure) 

Orbiter cavity chord force coefficient (corrected to 
base pressure) 

external tank cavity chord force coefficient (based 
on A. and ET cavity pressures) 

^ET 

Orbiter cavity chord force coefficient (based on 
A^ . and Orbiter cavity pressures) 

*^0RB 

mated vehicle total forebody chord force coefficient 


mated vehicle total base chord force coefficient 


Cn CP base and cavity pressure coefficient 

^ ) 

Mq tunnel freestream Mach number 

OTS Orbiter + tank + SRB's 

^P(Xj,Yy,Zy) moment reference point Is In ET coordinate system 


7 


SADSAC 
Symbol Symbol 

) 

Po 

Pt 

RN 

5 ref sref 

To 

Tt 

WF(, 

vs 

Xo 

XT 

To 

Tt 

6e ELEVON 

RUDDER 

633 SPDBRK 

«BF BDFLAP 


NOMENCLATURE (Continued) 

Additions to Standard List 

Definition 

model pressure denoted by subscript 
tunnel freestream static pressure, psia 
tunnel freestream total pressure, psia 
tunnel Reynolds number per foot 
reference area, ft^ 

tunnel freestream static temperature, "R 

tunnel freestream total temperature, °R 

model pressure weighting factor, either 1 or 0 

longitudinal static stability derivative, pitching 
moment coefficient alpha derivative divided by 
normal force coefficient alpha derivative, (-1) 

system 

lateral static stability derivative, yawing moment 
coefficient beta derivative divided by the side 
force coefficient beta deri va ti ve , ( - 1 ) ( dfvydr„ ) . 
body axis system. 

orbiter longitudinal station, inches 
tank longitudinal station, inches 
orbiter spanwise station, inches 
tank spanwise station, inches 
eleven deflection (figL 
rudder deflection, degrees 
speedbrake deflection, degrees 
body flap deflection, degrees 


r, 


NOMENCLATURE (Concluded) 
Additions to Standard List 


Symbol 

SADSAC 

Symbol 

Definition 

'N. 

DCN/DA 

derivative of normal force coefficient with respect 
to alpha, (alpha - + 5*')» per degree 

CtUd 

DCLMDA 

derivative of pitching moment coefficient with 
respect to alpha, (alpha = + 5®), per degree 

dCn/d3 

DCYNDB 

yawing moment coefficient ghadlent with respect 
to sideslip angle 

dCt/dg 

OCBLDB 

rolling moment coefficient gradient with respect 
to sideslip angle 

dCy/dg 

OCY/DB 

side force coefficient gradient with re?c"' to 
sideslip angle 

(Ca# ) 

^ft a«0 

CAFAFO 

forebody chord force coefficie t at zero degrees 
angle of attack 

(CA0^),j,^Q 

CABAFO 

base chord force coefficient at zero degrees 
angle of attack 

(CN)a=0 

CNALFO 

normal force coefficient at zero degrees 
angle of attack 

(Cm)asO 

CLMAFO 

pitching moment coefficient at zero degrees 
angle of attack 

^^Aft 

CAFDRO 

forebody chord forces coefficient gradient with 
rudder deflection at zero alpha 


CN/DRO 

normal force coefficient gradient with rudder 
deflection at zero alpha 

(^m6n)oa0 

CLMORO 

pitching moment coefficient gradient with rudder 
deflection at zero alpha 

^^y«R^asO 

CYDRO 

side force coefficient gradient with rudder 
deflection at zero alpha 

^^N6R^a»0 

CYNDRO 

yawing moment coefficient gradient with rudder 
deflection at zero alpha 


CBLDRO 

rolling moment coefficient gradient with rudder 
deflection at zero alpha 


DLTRUD 

difference between rudder deflection of two data 


sets, degrees 


CONFIGURATIONS INVESTIGATED 




The model (67-OTS) tested was a mated shuttle vehicle that had build- 
up capability. Model build-up was performed with the following configura- 
tion combinations: tank alone, tank + SRB's, tank + Orbiter, and tank + 
SRB’s + Orbiter. 

The Qrbiter was a cast aluminum representation of model 49-0; an 0.015- 
s^ef?ow configuration 140A/B Orbiter. The Orbiter rudder had a single-com- 
ponent strain-gaged beam at the hingcline and could be set at 0° and -20®. 
The Orbiter bodyflap had settings of -11.7®, 0®, and +25®. Orbiter elevens 
could be set at +15®, 0®, -40®. 

The internal balance could be mounted in either the tank or the Orbiter. 
The tank and SRB's were made of aluminum and all attach hardware and pro- 
tuberances were simulated for the tank, SRB's, and Orbiter. 

The following table summarizes the model configurations and their cor- 
responding nomenclature: 

Tab Data Configuration Description 


'^l 

Tl 

To 


®26* S’ ^116* Se* S* ^7* *^72’S’ V ^25 

T ^2 (Baseline), 

T -|3 (Baseline with 1208 inch radius 
tangent ogive nose) 

T^g (Shortened Baseline) 


S ^2 (Baseline), N^^ » X 2 J; 


PT-j , PT2, PTg, ATg^ ^"^12* ^"^13* ^"^14 
ATg, FLi , FL 2 


10 


P2 


P6 


FRi 


P$l. PS2» PS3 

PTg* PT3> PTg, ATg. AT^^. Al^j. AT^^. 
ATg» FLi » FL2 

PT2. PT3. PT7. AT5 . ATi 2. AT13 . A'i 4. 
ATg, FL-j, FL2 

FR^ (Umbilical door fairing) 


The model base was Instrumented with pressure orifices as shown in 
figure 2. These pressures were manifolded as shown below: 


i for Cp^ in Data 

Reduction (Manifold no.) Location 


1 

1 

2 

3 

4 

5 

6 


orbiter cavity 
tank cavity 

orbiter base 

tank base 

SRB nozzle base 

SRB shroud base 

ONS & ACPS base 


Tap No. (Figure 2L) 

16 17 (BAL. IN ORB.) 
18, 19 (BAL. IN TANK) 

1. 2, 3. 4 

7. 8, 9, 10, 11, 12 

15 

13, 14 
5. 6 
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TEST FACILITY DESCRIPTION 


NASA/Langley Research Center 8-Foot Transonic Pressure Tunnel is 
an air-medium facility capable of attaining continuously variable Mach 
numbers from 0.20 to 1.30. It is a single-return, closed-circuit tunnel 
having controlled stagnation temperature, total pressure, and dew-point 
temperature. The test section is 7.1 feet square. Reynolds numbers are 
variable from 0.30 x 10^/foot to 7.00 x 10^/foot, depending on Mach number 
and tunnel total -pressure limitations. Models are supported in the test 
section by a sting-sector system, but wall-mounting is possible. Schlie- 
ren photography is available for flow and shock-wave studies. 


DATA REDUCTION 



Vehicle Total Chord Force Coefficient (C. ) was computed using the 

''t 

following equations: 




>a^ “*■ ^a + c« 
^ \rb \t 

0) 

Where : 

^A 

‘^ORB 

if if 

* ” ^A ^ ^A 

^orb ‘^orb 

(2) 


^ET 

■-% 

Hi °ET 

(3) 

and: 

(for balance mounted In Orbiter) 



a 

^^ORB 

•^(i) Hrb 

(4) 


\ 

°0RB 

* ” ^P/ l2l 

'^(2) ^ORB 

(5) 


(for balance mounted In Tank) 



at 

\ “ 
^ET 


(6) 


\ “ ■ 
^ET 


(7) 

Forebody Chord Force Coefficient (C» ) was computed as 

fol 1 ows : 

Ca “ 

\ ^ 

“ ^Al ” ^A “ ^A “ 

\rb **oms *’acps *^srb 




“ Ca - Ca 

^SRBN *^ET 

(8) 
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Where: 



°0RB 


(9) 

h 

\ns 


vlO) 

\ ' ■ 
°ACPS 


(11) 

°SRB 


(12) 

'Ak ' 

°SRBN 


(13) 

^A. * " 

•"et 

'•P(3)**bgT^^REF*“'^(3) 

(14) 


r ''f. 

(15) 


Weighting factor (WF) values are presented In table IV. 

The following reference dimensions and constants were used: 

full scale model scale 


^ACPS 

'et 

^OMS 

^ORB 

*SRB 

’SRBN 


37.778 ft^ 
572.555 ft^ 
52.00 ft^ 
337.778 ft^ 
184.332 ft^ 
217.792 ft^ 


0.0085 ft^ 
0.1288 ft^ 
0.0117 ft^ 
0.076 ft^ 
0.0414 ft^ 
0.0490 ft^ 
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0.0218 fr 


0.0340 ft^ 

1290.3 in 

19.355 in 

976 in 

14.640 in 

0 in 

0 in 

400 in 

6.0 in 

2690 ft^ 

0.6053 ft 

100.15 ft^ 

0.0225 ft' 

73.7 in 

1.106 in 
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TABLE III. - MODEL DIMENSIONAL DATA 


MODEL COMPOMBIT! Attach Structure AT; 

C^MERAL DESCRIPTION; Forvird 5rbltnr/ET Attach Stnieture (2,:r.ember a tructurc) 
Model Scale: 0.015 

UUWING NO. VL72~000088D 


DIMENSION: MBfBER 

FULL SCALE 

MODEL SCALE 

#1 Xq 

391 

5.865 

^0 

0 

0 

?o 

LWR ML 

LWR ML 

XT 

1132 

16.980 

tt 

UU 

0.66 " 

Zt 

-16?, 

8.43 

#2 Xo 

391 


Zo 

0 

0 

Zo 

LWR ML 

LWR ML 

Xx 

1132 

16.980 

Yt 

-44 

-.66 

Zt 

562 

-M2— 

Diameter of Members: 

10.2 

-OJL22 


TABLE III. - Continued. 


MODEL COMPONaiT: Attach Structure ATg 

aaERAt .ft S«B/ET att.eh .tr„rtur. (} memb.r .tructure ,M au -JJ-.i’i) 


Model Scale: 0.019 


DRAWING NO; Vt72-000106 


DIMENSIONS: MB<^ 

n 


Xb 

Yb 

Zb 

Xt 

Yx 

Zx 


FULL SCALE 

1515 __ 

+ 56 

50 

2058 
j: 158 
L50 


#2 


Xb 

tb 

Zb 

Xx 

Yx 


Zt 


1511 

± 76 
18 
2058 
160 
U5 


n Xb 

Zb 
Zb 
X x 
Yx 
Zx 

Dlameier of Members: 


1515 

± 56 
-JO 

2058 
± 158 

J50 

6.02 


MODEL SCALE 

72.175 

± .840 

.750 

TO. 870 

2.?70 

6.75 

72.125 . 

• ± 

.270 

30.870 

2.400 

6.675 

22.725 
t. . 740 

- .750 

30.870 

t 2.370 
5.250 . 
0.093 
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TABLE III. - Continued. 


model COMPONiaiT: ATTACH STRUCTURE - ATig 

(OnSRAL DESCRIFTIOH: Left rear orblter/ET attach structure (2 

member structure) 


model SCALE: 0.015 


DRAWHOHO.: VL 78 -OOOO 5 O 

DIMEKSIQRS: - INCHES 


member 

n 


FULL SCALE MODEL SCALE 


Xo 

% 

2t 

DIAMETER 

Xo 


Xj, 


% 

DIAMETER 


1303 

19.545 

- 9 ^ 

- 1.440 

258 

3.870 

1859 

27.875 

- 115^ 

- 1.725 

510 

7.650 

12.0 

0.180 

1317 L _ 

19.755 

’ - 

- 1.440 

258 

3.870 

2058 


' U 5 __ 

1.7^ 

510 

7.650 

8.0 

0.120 
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TABLE III. - Continued. 


MODEL COMPOMEHT: ATTACH STRUCTURE - A'^’y 

(XNERAL DESCRIPTIOH: Rlaht rear orblter/ET attach structure (3 

member structure) 


MODEL SCALE: 0.01^ 


DRAWIHO HO.: VL 78 -OOOO 5 O 

DIMEHSIORS: > INCHES Member 


#1 


#3 


FULL SCi'LE MODEL SCAL E 


Yo 

2o 

Xt 

yt 

Zt 

DIAMETER 


1313 




IE 


liL 


310 


12.0 


_ 3 lM 

1. 

JL. 

0 . 



Xt 


Yt 

Zt 

DIAMETER 


_ 1317 _ 

19-755 


i.inio 

258 

3.870 

2058 

30.570 

115 

. 1 -B 5 - 

510 

7 -b 50 

^ 7 o 

0.126 


Xm 

Yt 

Zt 


DIAMETER 


1317 

19-755 _ 

9 ^ 

l.WO 


3^570 

2050 

30.870 

0 

0 


STigo 

8.0 

0.120 
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TABLE III. - Continued. 


MODEL COMPONQIT: Attach Structure ~ 

GENERAL DESCRIPTION: Forward SRB/ET attach structure. 

Model Scale: 0.015 

DRAWING NO: VL77-000051A 


DIMENSION: - INCHES FULL SCA^ MODEL SCAL5 

Xb LOL — L.Q60 

Yb ± J-77 2.655 

Zb _0 _0 

Xt 9L7 14^205 

It - i^»505 

Z? 400 6.000 


Xt 947 14^20i 

It ± i^»505 

Z? 400 6.000 



TABLE III. - Continued. 


MOOElj COMPONENT: BODY 


GENERAL DESCRIPTION: Orbiter Fuselage Configuration 140 A/B 


NOTE; id entical to B 24 excep t underside of fusela ge re faired to 

accept Wjj^. 

Model Scale 


VL70-000193 

DRAWING NUMBER: VL70-000140A 


DIMENSIONS; 


FULL-SCALE MODEL SCALE 


Length (Body Fwd Sta = 235) - in. 
Max. Width (at = 1520) - in. 

Max. Depth (at X^ * 1464) - in. 
Fineness Ratio 
Area - ft* 

Max. Cross-Sectional 
Planform 


1233.3 

262.0 

250.0 


—O.2A357 

340.88462 


19.400 

3.93 

3.75 

n, 9A?57 
0.07670 


Wetted 


TABLE III. - Continued. 


MODEL DIMENSIONAL DATA 

MODEL COMPONENT : (Cq) 

GENERAL DESCRIPTION Configuration lAO A/R Orbiter 




Model Scale =» 0.015 

Model Drawini: No. SS-AOOl 


VL70-000140A 


DRAWING NUMBER ; VL70-000143A 


DIMENSIONS ; 

FULL SCALE 

MODEL SCALE 

Length (Xo=^34.643 to 670) 

235.357 

3.530 

Mox Width (@ Xo=513. 127) 

152.412 

2.2S6 

Mox Depth Xo“485.0) 

25.000 

0.375 

Fineness Rotio 
Areo 

Mox. Cross-Sectional 
Plonform 




Wetted 


TABLE III. > Continued. 


MODEL COMPONENT: 

GENERAL DESCRIPTION: Confi<sur&tion 140 A/B Orbiter ELevon 


NOTE; VL70-CXX)200 d&tc. for (1) of (2) sides. Identical to E 25 except 


airfoil thickness 

* 


Model Scale *= 0.015 

Model Drawings No. SS-A00U8 

VL7C -000200 

* 


DRAWING NU!<BER: VL70-000U0 B 

- 


DIMENSIONS: 

FULL-SCALE 

MODEL SCALE 

Area 

* 

223.5814 

0.0503 

Span (equivalent) 

368.34 

5.S25 

Inb*d equivalent chord 

119.623 

1.794 

Outb'd equivalent chord 

55.1922 

0.828 

Ratio movable surface chord/ 



total surface chord 



At Inb'd equiv. chord 

0.2096 

0.2096 

At Outb*d equiv. chord 

0.4004 

0.4004 

Sweep Back Angles* degrees 

• * 


^ Leading Edge 

0.00 . 

OeOO 

. . Tailing Edge 

' -10.656 

-10.056 

Hingollne 

0.00 

0.00 

Area Moment (Normal to hinge line) ■ 
% ♦ . 

851.1502 

0.00287 
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TABLE III. - Continued. 


MODEL COMPONENT: Podv Flar 4 Fy ) 


« 

ncwPBAl nF<;rftlPTlON: r.cnficur&tionlAO A/B Orbiter Body Flap 

ViCfV7i Bodv has variable centerline deflection of +13*75 

“ end 

-14.25® from null position. Hin.^e line located at Xq 

=1525.3, 

Zo = 284.3 

Model Drawing No. SS-A001A7 

Model Scale = 0.015 



DRAWING NUMBER VL70-000140A_, 

VI.70-0C-0145 


DIMENSION: 

FULL SCALE 

MODEL SCALE 

Uo0th(Xo*152O to Xo*l6l3) - IN. 

93.000 

1.395 

Mok Width - IN. 

262. OCX) 

3.930 

Mox Depth (X© * 152D) - IK. 

23.000 

- 0.345 

Fineness Rotio -- 

A«® - «•* 


• 

AA<iit Crois**Sectional 

Plonibrm 


0.0339 

Wetted 



Bose 

« 

• 

41.84722 

0.00941 

. 1 
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TABLE III. - Continued 


MODEL COMPONBI T Feed line FLi 

DESCRIPTION ; LOX faad lin e between ET and orblter 

MODEL SCALE; 0.015 

DRAWING NO; VL78-OOOQSO 

FULL SCALE 
206.1..S. , 

-70 _.1«Q53 

Xo U30.5 19.958 

_22 1.053 

1B«5 .278 


DIMENSIONS; - INCHES 
l^at; Xf 

h 


MODEL SCAt£ 
AO.Oft 


Diameter 


TABLE III. - Continued. 


MOOfL COMPONENT; Feed vr 

OESCRIPTION ; LH 2 feed line between ET and orbit er 

MODEL SCALE: Q.Qis 

iJRAWITJG NO. VL 7 ft^nnn^ 

DBSNSIONS; 


^ at Xf 


Xo 


FULL SCALE MODEL SCAT.K 


— 20 ^ 

-^70 

- 1330. S 






-^^♦053 





Diameter 


TABLE III. - Continued 


MODEL COMPONMT; Fairing FRi 

OESCRIFTIOM ; linblllcal door fairing around LOX and faadllna a between 


orbiter and ET* Leading edae of fairina attaches to bottom of orbiter. 

MODEL SCALE: 0.015 



DRAMDIGNO.: VL78-000050 



DIMQISIONS: 

PULL SCALE 

MODEL SCALE 

Leading edge at Xq 

1214 

1S.210 

Length 

154 

2.310 

Width 

226 

, 1*290 



TABLE III. - Continued, 


MODEL COMPONENT : QMS Pod (M?) 1 

GENERAL DESCRIPTION ■ UP Vb OrlMt.r 0M3-god 


Model Sc^u!.^ * 0.015 


VL70-000140A 
DRAWING NUMBER •. . VL70-000U5... 


Model Drawing No. 


DIMENSIONS . 


FULL SCALE MODEL SCALE 


Length(OMS Pwd Sta Xo»1233.0) -IN, 
Mox Width (@ Xo»^50.0) - IN. 

Mdx Depth (@ Xo=U93.0) - IN. 
Fineness Rotio 


327.000 


109.000 


4.905 

1.418 

1.635 


Mox. Cross-Sectional 
Plonform 







TABLE III. • Continued. 


model COMPONEOT; H0Z2IJSS - W 41 

OEKBRAL DESCRITTIOHj Conflgurotion k B8RM Wogglee 



lODBL SCALE - '>•015 

\^lV 2 « 000088 B 
DRAWIMO NO. VL77-000036A 

DIMENSIONS 

Hkeh No. 

Length ~ in. 

Oisibal Point to Exit PLane 
Throat to Exit Plano 

• 

DiAaeter~in. 

Ertt 

Throat 

inlet 

2 

Area —ft . 

Xbcit 

Throat 

Qimbal Point (station)— In. 

X 

Y 

Z 

Null Position— deg. 

Pitch 
Taw * 

PS of Nceale Exit Plane (X<f) IN. 




-.l.Z.XZQ 


141.3 2.120 


108.89 95 0.0245 


1796.15 ‘ 26.942 

± 243.0 ± 3.645 

i ffl tpi w w Mi ■■ ■■■■ BT- -1-1— ni-r n 

400.0 6.0 


0 * 


0 * 




0 * 


0 « 




, 
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Ifcch No. 

Length ~ in. 

Ginib&l Point to Exit Plane 
Throat to Exit Plane 

• 

Diaoeter~in. 

&dt 

Throat 

Inlot 

Area~ft^. 

Exit 

Throat 

Qijnbal Point (station) ~ in. 

X 

I 

Z 

Null Positlon~deg. 

Pitch 


1510.0 

+ 88.0 
mm 

492.0 
30 ® 30 








TABLE III. - Continued. 



MODEL sflATJRt Q.015 __ 

DRAWINO NO; None 

DIMENSION; (Data for 1 of 2) 

Leading edge at X 3 
C of tunnel Y 3 
Trailing edge at Xg 
Height 
Width 

-^LE, deg. 


Ptffl. SCALE • 
467 


^nnieL aCAl£ 

— 


1820 


27.30_ 


m. 


aOSS. 


J2. 


JZl 
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TABLE III. - Continued. 


model COMPONENTt 3RB Pr otuberance ?So 
DESCRIPTION t Attach riftg 


MODEL SCAlEt 0.015 

DRAWINQ MQ.t VL77»(yX)036A 
DIMBISIONS: (Date for 1 of 2) 



FULL SCALE 

MODEL SCALE 

C at Xg 

Width 

Height 

1515 

22.725 • _ 

10 

- ^ 

10 

.15 __ 


TABLE III. • Continued. 


MODEL COKPOItJlMTt SRB Protuberance PS^ . 

DESCRIPTION t Separation rocket fairing on each SRB nogzle shroud located 
30* inboard from top centerline. 

MODEL SCAlEt 0.015 

DRAINING NO. ? VL77-000036A 

DIMENSIONS: (Data for 1 of 2) 

Leadijig edge at X 3 
Trailing edge at X 3 


FULL SCAUB MODEL SCAIE 

1796 26«940 

1689 28.335 


Radial location ie 30 * inboard from top centerline 


TADLE III. - Continued. 


MODEL COMPONENT: ET Ppotubaranee PT«i 

DESCRIPTION : LOX Vent Line Fairing on Tank Tio Noae 

MODEL SCALE: .015 

MiAWING NO. VL78-000(mA 

DIMENSIC^S: Leading edge at 

Yt 

Trailing edge at Xt 
Yt 


POLL SCALE 
321 


-2&L 


MODEL SCALE 

k^m 


1A.205 


I 

i 




TABLE III. - Continued. 


MODEL COMPONENT! ET Protuberance PT? ; 

DESCRIPTION ! LOX feed lines on vehicle L tank secured to tank by brackets 


with -^Q-lnch spacing (total of 22 brackets) 

MODEL SCALE; 0.015 

DRAWING NO. VL78-000031A 

FULL SCALE MODEL SCALE 

DIMENSIONS: Leading edge at Xt 947 ^*^05 

h 70 1»053 

Trailing edge at Xt 1330 19.950 

Tt 70 1.053 

Bracket spacing from Xj» = 997 50 .85 

^ 3 . 5 ° 


Centerline of LOX feedline located 
radially at 0 


TABLE III. - Continued. 


MODEL COMPONENT: ET Protuberance 

DESCRIPTION LH:?ve nt line on vehicle U tank aecr^ed to tank by brackets 

with .^4nch spacing (total of 22 brackets i 

MODEL SCALE: 0.015 

DRAVfING NO, VL78-000011A 


DIMENSIONS: Leading edge at Xj 

It 

Trailing edge at 

h 

Bracket spacing from X^ • 997 


FULL SCA LE 

- 947 

-r 2Q 

JL? ?o . 

-nzq. 

- 50 


MODEL SCALE 
U,205 

19.950 

-1«053 

«8S 


Centerline of LH feedline radially located at 0 


TABLE III. - Continued 


model COMPONENT; ET Protuberance PTg 

DESCRIPTION: LOX feed line fairing used on nose of tank Ti<^ (tangent 

«d.ve noso) 

MODEL SCALE; 0.015 

DRAWING NO. NONE 



FULL SCAUS . 

MODEL SCALE 

OIMENSIC^S; Leading edge at Xp 

732 

3.t8 

It 

0 

0 

Trailing edge at Xt 

.JM 

U.205 


— .2Q 

. 1-0?? 
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TABLE III. - Continued. 


MODEL DIMENSIONAL DATA 

MODEL COMPONENT: gJC PflOTU3ERANCE - PDy 

OENERAL DESCRIEPION: LOX Vent line fairing on TANK ~ TSa nose. 


MODEL SCALE: o.ois 

DBANING NO. : NONE 

• 


DIMENSIONS: 

FOIL SCALE 

MODEL SCALE 

Leading edge at 

360 



lx 

0 

0 

Trailing edge at % 


14.205 

lx 

TO 

1-.Q53 


42 


V 


TABLE III. - Continued. 


model COMPONENT: SUPPER - R5 ! 

GENERAL DESCRIPTION: Configuration UO A/B Ofblter todd wp. 


Model Scale » 0.015 


Model ■■^♦av 


DRAWING NUMBER: 


VL70-000095. VL70-000146A 


DIMENSIONS: 


FULL-SCALE 


Area - FT2 106.38 . 

Span (equivalent) - IN. , — 

Inb'd equivalent chord ^*98$ 

Outb'd equivalent chord 90* 833. 

Ratio movable surface chord/ 
total surface chord 

At Inb'd equiv. cho.*d 0*/^- 

At Outb'd equiv. chord 0.^00 

Sweep Back Angles, degrees 

Leading Edge „ 

Tailing Edge 2L2Sl. 

Hingeline 

Area Moment (Normal to hinge line)- FT^ ,, . 

/product of Are.* end Mean Chordy 


MODEL SCALE 


0.023 


l*37/r 

0.762 


O.AOO 

O.LCO 


O.W178 
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TABLE III. - Continued. 


» 


MODEL COMPONENT; BCX3STFR SOI.ID ROCKET MOTCH 

GENERAL DESCRIPTION; Configuretlon 3A, D&ta for (1) of (2) sides, 
per Roekvell Lines VL77~000036A 


.Model Scale * 0.015 
- ♦ 

VL72-000088D 

DRAWING NUMBER VL77-0000.36A 


DIMENSION ; FULL SCALE 

Length (Includes. Noazle) - 1741»0 

Mok Width (Tank Dia) - IN. U2.3 

.Max Depth (Aft Shroud) - IN. 192.0 

Fineness Rotio 9.0677 1 

Area - FT^ 

Max Cross-Sectional 201.0619 3 

Planform ___________ 

Wetted 

Base 

WP.of BSRM Centerline (Zt) - IN. LOO 

FS of BSRM Nose (Xt) - IN. 743 


MODEL SCALE 

26.115 

2.135 

2.880 

9.06771 


0.0452 


6.000 

11.U5 
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TABLE III. - Continued. 


i 


MODEL COMPONENT: EXTERMAl. TANK 

GENERAL DESCRIPTION: External Oxygen Hydrogen Tank 


WOTS; Idjnticnl to Til vrith external fuel lines ad-ied 
yod<?i ?<* ••< tq ~ 0.015 ■ 

VL7P-000031a 

DRAWING NUMBER ^ VL 78 -OOOO/ 4 IA . ■ 


DIMENSION : . FUIL SCALE 

Length - IN. (Nose ® X«r » 309) 1865 

Mok Width (Dia) - IK. 324 

Mox Depth 

Fineness Rotio . 5*7561 7 

Areo - FT2 

Max Cross-Sectional 572. 555 

Plonform * 

Wetted • 

Bose • 

VIP of Tank Centerline (iip) - IN. 400.0 


MODEL SCALE 

’27*975 

4.86 


' 5*75617 


0.1238 


6.0Q0 
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TABLE III. - Continued. 


MODEL COMPONENT : External Tank - Ti^ 

GENERAL DESCRIPTION • External Ox yren Hydrogen Tank. 

NO TE: Has same fuel lines and protuberances as Ti 2 « Has a 1208 in, 

Radius Tangent Ogive Nose« 

Model Scale ° 0,015 

DRAWING NUMBER : 


DIMENSIONS ‘ 

Length - IN. (Nose i5 Xx “ 220) 
Mox Width (Dia.) - IN. 

M.ox Depth 
Fineness Rotio 
Areo ft. 2 

Mox. Cross-Sectionol 
Plonform 


FULL SCALE 

MODEL SCALE 

1954.0 

29.310 

..m . , 

'..66 


6.031 6.031 




572.555 

0.126d 


AOO.O 


6.000 


Wetted 

Bose 

WP of Tank Centerline (Z^), IN 
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TABLE III. > Continued. 




DIMENSIONS : 

Length IH. (Nose @ Xj 348) 
Mox Width IN. 

Mox Depth 

Fineness Ratio 
Area ^ f 

Mox. Cross- Sectionol 
PlonfoMi 

Wetted 

Bose 

VP of £T centerline (Zji)«s«In. 


FULL SCALE MODEL SCALE 



400.0 6.000 
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TABLE III. - Continued. 


MODEL COMPONENT : VERTICAL «V 8 . 

GENERAL DESCRIPTION: C r.nflguritlon ILO A/3 CVbltcr Verticil Tnil 

NOIT; Similar to V; with radius on TE upper corner and LE lower corner 


where vertical meets fuselage. 


Model So^le •= O.OIS 

1 

Model Drawing No. JS-A001/,?» 

DRAWING NUMBER: 

• vL’^o-<jooi 46A 
Vt70-000146A 


DIMENSIONS: 


FUa-SCALE MODEL SCALE 


TOTAL DATA 


Area (Theo) Ft^ 


U3.253 

0.09298 

Planform 
Span (Theo) In 



T:735a<3 ■” 

Aspect Ratio 



1.675 

Rate of Taper 


0.507 

0.507 

Taper Ratio 

N 


0.40599 

Sweep Back Angles* degrees 

Leading Edge 


JdiSQ. 



Trailing Edge 


.JhlkZ^ 



0*25 Element Line 


A1.130 _■ 


Chords: 

Root (Theo) WP 


268.500 



Tip (Theo) WP 


108.470 

Uism 

MAC 


199.80756 

ii-52213 

Fus. Sta. of .25 MAC 



21,95 m.. ■ 

W. P. of .25 MAC 


, 63S..S22 ... 


B. L. of .25 MAC 


Q.OQ 


Airfoil Section 

Leading Wedge Angle Deg 


2SLSSI 

IQtflQ 

Trailing Wedge Angle Deg 


— 

liu22Q 

Leading Edge Radius 


3UQQ 


Void Area 



0.00296 

Blanketed Area 


o..Qa., 

iLOQ 


MOCei COMPONENT; WlNG«(Wi 


TABLE III, - Continued. 


GENERAL DESCRIPTlRi; Configuration UP A/B Orbltor Wng 


NOTE; Identical to Wn4 except airfoil thickness. Dihedral angle Is along 


trailing edge of wine. 


Model Scale «» 0.015 


TEST NO. 


DIMENSIONS; 


TOTAL DATA . 

Area UheoO Ft* 

Planform 
Span (Theo In< 
iupect Ratio 
Rate of Taper 
Taper Ratio 

Dihedral Angle* degreesCat Xq« 1506. 623 *Yo<* 
Incidence Angle, degrees 105, Zq« 282.75) 
Aerodynamic Twist, degrees . 

Sweep Back Angles, degrees 

Leading Edge ' , . 

Trailing Edge 
0.2S Element Line 
Chords; 

Root (Theo) B.P.0.0, 

Tip, (Theo) B,P. 

MAC 

• Fus. Sta. of .25 MAC 
. .H.P. .25 MAC 

B.L. of .25 MAC 

EXPOSED DATA - 
Area (Tneo) Fv 

■ Span, (Theo) In. BP108 
Aspect Ratio 
Taper Ratio 

Chords , • 

Root BP108 
Tip 1.00 b 


MAC 

Fus. Sta. of .25 MAC 
H.P. of .25 MAC 
B.L. of .25 MAC 

Airfpil Section (Rockwell Mod NASA) 
XXXX-64 

Root b • 0.425 

T 

Tip b • 1.00 

t 

Data for (1) of (2) Sides 


Leading Edge Cuff « 
Planform Area Ft* 


Leading Edge Intersects Fus M. L. 9 Sta 
Leading tdgo Intersects Wing @ Sta 
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Model Drawing Wo. SS-AQOlUd 


m... VL70-000UpB 

DUG. NO. VI.70-000^ 


FULL-SCALE 




45.00 


35.209 


689.2429 


,4Ht£UZ>. 

\XZful21 

jaugfl 

187.33491 


1812.2205 

736.6816 

2.058 

0.2451 


570. 6230 


354.2.376 
1164. 23T 
292.00 


0.113 


SOS.n 


MODEL SCALE 


0.6051 

k.05^ 


-L.122. 

0.200 

3.500 


45.00 


35.209 


10.3'^9 


4.365 


0.408 


2.058 

0.2451 


8.559 


5.314 

17.464 

3.595 


0.113 


L. 


. 1 ^ 


TABLE III. - Concluded. 


MODEL a».TOHEHT: BOUN DARY TRANSITION i^TRIF - 

GENRRAL DESCRIPTION: Carborundum Krlt located on SRB. £T. and 

orblter noaes and orblter vlna and vertical stabilizer aurfacea. 

Nominal grit size on nose, wing (except glove), 
and vertical tail surfaces 

Ho. 120 

Diameter - In. 0.005^ 

Nominal grit size on orbiter glove 

Ho. 100 

Diameter, Inches 0 .006^ 

Location * In. 

Aft of nose leading edge, 

streamvlse 1.2 

Aft of wing, vertical tail, and 

glove, inches perpendicular to 

leading edge 0.5 
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•teble IV. (Cont'd) 


0 

LOCATION 

OF 

RUN BALANCE WFl WF2 V 



»U3E C- VALUE FOR C« 
P5 P4 


52 


. ‘ .7. 

— -^:~T 




Positive directions of force cofficients 



. Stability and body axis systems 






Figure 2. - Model sketches 








OrbJter Three View 









Figure 2. - Continued. 







OrM.ter/ET Attaeb Hardtare 











-TAPS 18,19 
(BAI. CHAMBER) 


1. Bast Assure Ikp Locations 

Figure 2. - Continued. 










DATA FIGURES 
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|l«OMATt»l 






























Ui 

o 

< 

a 


CO 
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CO 
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Ck: 

x: 

CJ 


to 

z 

G> 

CJ 


g« 

o 


GQ O 


CO X 
• (J 

u. < 
o ^ 

O CD 


N3 *iN3I3Idd303 33ii03 IVUtiON 


DATA SET 







ANGLE OF ATTACK. ALPHA. DEGREES 

CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACTERISTICS 

COJMACh = .98 







ANGLE OE ATTACK. ALPHA. DEGREES 

CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACTERISTICS 















ANGLE OF ATTACK. ALPHA. DEGREES 

CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACTERISTICS 

CCDMACH = .90 



liraMATtOtl 



ANGLE OF ATTACK, ALPHA, DEGREES 

CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACTERISTICS 

CODMACH = .98 










OATA SET 



PITCHING MOMENT COEFFICIENT. CLM 

CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACTERISTICS 

tAJMACH = .60 







PITCHING MOMENT COEFFICIENT. CLM 

CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACTERISTICS 

CB3MACH = .80 






PITCHING MOMENT COEFFICIENT. CLM 

CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACTERISTICS 

CC3MACH = .90 







PITCHING MOMENT COEFFICIENT. CLM 

CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACTERISTICS 

CO)MACh - .98 










PITCHING MOMENT COEFFICIENT. CLM 

CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACTERISTICS 

CEDMACh = 1.20 







CONFIGURATION BUILDUP EFFECT ON LONGITUDINAL CHARACIERISTICS 










DATA SET 



OJViVD 


0dV8V3 


CfflffIGUR 











CONFI 










Nce i»ra»MTio< 









O) 

CM 
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CJ 
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or 
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•c 
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CJ 
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CJ 
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CJ 


CO o 
<n 


CJ 


oc 


CD I 

u 

Lu < 

z r 

CJ ^ 
CJ o 








i M 

pm 


°tut 

firrrr 


dus;s 

It •••• 


!CO>3 


W52zS: 



4C BIIIB9 
Cl WMMW 








SIDESLIP ANGLE. BETA, DEGREES 

CONFIGURATION BUII W EFFECT ON L AT. -DIRECTIONAL CHARACTERISTICS 

CAJMACH = ,60 












SIDESLIP ANGLE. BETA. DEGREES 

CONFIGURATION BUILDUP EFFECT ON LAT. -DIRECTIONAL CHARACTERISTICS 





1 





SIDESLIP ANGLE. BETA. DEGREES 

CONFIKJRATION BUILDUP EFFECT DN LAT. -DIRECTIONAL CHARACTERISTICS 




SIDESLIP ANGLE. BETA. DEGREES 

CONFIGURATION BUILDUP EFFECT ON L AT. -DIRECTIONAL CHARACTERISTICS 

CBJHACH = .80 







SIDESLIP ANGLE. BETA. DEGREES 

CONFIGURATION BUILDUP EFFECT ON LAT. -DIRECTIONAL CHARACTERISTICS 

CCIMACH s .SO 













CA3MACH 









1 





UJ 

iD 

< 

CL 


CO 


CO 

LU 

CJ 

Qc: 

-c 

zxz 
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LU 

ce 
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•— 
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a. 

ZD 

o 


CD O 
0) 


CD X 
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1 

J! 

1 

i 




YAWING MOMENT COEFFICIENT. CYN CBODY AXIS) 

CONFIGURATION BUILDUP EFFECT ON LAT. -DIRECTIONAL CHARACTERISTICS 

C03MACH = .98 ^AGE 



r> 




c 


CO 

CJ 


CO 

I 

or 

UJ 

<-> 

•c 

cc 

-c 

x: 

C-> 


CD 

I — 

CD 

LxJ 

tt: 

•— t 

CD 

I 


O 

K- 

CD 


Q-. 

ZD 

CD 
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Z • 

CD — 


^ II 

% 

CD X 
» U 
Uc < 

z r 

CD ^ 
CD UJ 






HOVrJ 


000 




















^xocR nercREtcE 







ALPHA 

EFFECT OF TANK NOSE SHAPE ON LONGITUDINAL CHARACTERISTICS 

CC3MACH = .90 






EFFECT 0F TANK NOSE SHAPE ON LONGITUDINAL CHARACTERISTICS 

(O)MACh : .98 




EFFECT OF TANK NOSE SHAPE ON LONGITUDINAL CHARACTERISTICS 

(E)MACH = 1.20 





SET STTOIL a»rtaLAATiaN oesoti^io^ 



i.Vlfi ^ ^To -a -6 -4 -2 0 2 4 

ANGLE OF ATTACK* ALPHA, DEGREES 

EFFECT OF TANK NOSE SHAPE ON LONGITUDINAL CHARACTERISTICS 

CAJMACH = .60 













ANGLE OF ATTACK. ALPHA. DEGREES 

EFFECT OF TANK NOSE SHAPE ON LONGITUDINAL CHARACTERISTICS 

CCDMACh s .90 






EFFEC 

CDJMAO 




ANGLE OF ATTACK, ALPHA, DEGREES 

EFFECT OF TANK NOSE SHAPE ON LONGITUDINAL CHARACTERISTICS 

CEJMACh = 1.20 





io 

{n 




ANGLE OF ATTACK, ALPHA, DEGREES 
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